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Icariin (ICA), an active component of Epimedium brevicornum Maxim, exerts a variety of neuroprotective effects such as
antiapoptosis. However, the mechanisms underlying antiapoptosis of ICA in neurons exposed to oxygen-glucose deprivation and
reperfusion (OGD/R) are unclear. The B-cell lymphoma-2 (Bcl-2) protein family plays an important role in the regulation of
apoptosis and autophagy through Bcl-2-dependent cross talk. Bcl-2 suppresses apoptosis by binding to Bax and inhibits autophagy
by binding to Beclin-1 which is an autophagy related protein. In the present study, MTT result showed that ICA increased cell
viability significantly in OGD/R treated PC12 cells (P < 0.01). Results of western blotting analysis showed that ICA increased Bcl-2
expression significantly and decreased expressions of Bax, cleaved Caspase-3, Beclin-1, and LC3-II significantly in OGD/R treated
PC12 cells (P < 0.01). These results suggest that ICA protects PC12 cells from OGD/R induced autophagy via Bcl-2-dependent

cross talk between apoptosis and autophagy.

1. Introduction

Oxygen-glucose deprivation and reperfusion (OGD/R) result
in neuronal apoptosis and autophagy. Apoptosis is a process
of programmed cell death. Autophagy, a pathway of cellu-
lar protein degradation, is usually activated by starvation,
ischemia, growth factor deficit, and so forth and helps to
maintain cellular protein homeostasis [1-3], but excessive
activation of autophagy may also result in autophagic cell
death and apoptosis [4-6]. The B-cell lymphoma-2 (Bcl-
2) family of proteins plays an important role in cross talk
between apoptosis and autophagy. The Bcl-2 family of pro-
teins consists of antiapoptotic members such as Bcl-2 and
Bcl-xL and proapoptotic members such as Bax and Bak.
Bcl-2 suppresses apoptosis by binding to Bax and inhibits
autophagy by binding to Beclin-1 which is an autophagy
related protein [7-9].

ICA, an active flavonoid of Epimedium brevicornum
Maxim, possesses various neuroprotective effects including

anti-inflammation, antioxidation, and antiapoptosis [10-12].
It was reported that ICA protected neurons against OGD
induced apoptosis [13]. However, the underlying mechanisms
are incompletely understood. Whether ICA can protect cells
from OGD induced autophagy via Bcl-2-dependent cross talk
between apoptosis and autophagy is unknown. Therefore,
in this study, we evaluated the abovementioned potential
mechanisms of ICA in rat pheochromocytoma PCI2 cells
which were widely used in the study of neuropharmacology
(14, 15].

2. Materials and Methods

2.1. ICA Preparation. ICA (purity, 98.3% by HPLC) was
purchased from Nanjing Zelang Pharmaceutical Technology
Co., Ltd. (Nanjing, China). ICA was dissolved in dimethyl
sulfoxide (DMSO) to 107> M and stored at —20°C. When ICA
was used, 107> M ICA was diluted with Earle’s balanced salt
solution or full culture medium to the final concentration of
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10> M. The composition of Earle’s balanced salt solution and
full culture medium is previously reported [14]. Earle’s bal-
anced salt solution was composed of 116 m M NaCl, 5.4 mM
KCl, 1mM NaH,PO,, 0.9 mM CaCl,, 0.8 mM MgSO,, and
10 mg/L phenol red. The full culture medium contained
4.5 g/mL glucose, 5% foetal bovine serum (Gibco, USA), and
5% horse serum (Gibco, USA) in Dulbecco’s modified Eagle’s
medium (DMEM).

2.2. Cell Cultures. PC 12 cells (American Type Culture Col-
lection, CRL-1721) were cultured as previously described [14].
PC12 cells were cultured in full culture medium and were
incubated at 37°C in 5% CO,. Culture medium was refreshed
every two days.

2.3. OGD/R. PCI2 cells were deprived of oxygen and glucose
for 2h to simulate ischemic injury in vitro as previously
described [14]. PC12 cells were rinsed with phosphate bufter
solution (PBS) once and incubated in Earle’s balanced salt
solution as described above. Then, the cells were incubated in
a hypoxia chamber (HF100, Heal Force, China) with 1% O,,
94% N,, and 5% CO, for 2 h. After deprivation of glucose and
hypoxia, Earle’s balanced salt solution was removed and the
cells were cultured in full culture medium under normoxic
conditions for 24 h. Normal control cells were refreshed with
tull culture medium and cultured in a CO, incubator (HF90,
Heal Force, China) under normoxic conditions.

2.4. Drug Administration. PC12 cells were pretreated with
107> M ICA or 10 uM nimodipine in full culture medium
under normoxic conditions for 1h before hypoxia. The
cells were washed with PBS once and incubated in Earles
balanced salt solution supplemented with 10~ M ICA or
10 uM nimodipine under hypoxia conditions for 2 h. Based on
our pilot experiment, we have used ICA at the concentrations
of 107, 107°, and 10~ M and found the concentration of
10 M is effective and appropriate.

2.5. Metabolic 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium Bromide (MTT) Assay. 0.1mL of cells (I x 10°
cells/mL) was seeded into 96-well plates. The cells were
divided into four groups: normal group, model group,
nimodipine group, and ICA group. Each group contained 10
samples. After growth for two days, the cells were treated
with OGD/R and drug administration as described above.
MTT assay was performed as previously described [14].
Absorbance was measured at 570 nm on an ELISA reader
(Multiskan Mk3, Thermo Scientific, USA).

2.6. Western Blotting Analysis. It contained 6 samples in
normal group, model group, and drug treated groups, respec-
tively. Cell lysates were prepared by incubation in RIPA
lysis buffer containing protease inhibitors. Protein concen-
trations were measured with a BCA kit. Approximately
30 ug of total protein was separated by SDS-PAGE (5%-
10%) and then transferred to polyvinylidene fluoride (PVDF)
membranes. Membranes were blocked with 5% nonfat dry
milk for 60 min at room temperature and incubated with
primary antibodies against Bcl-2 (1:1000, Cell Signaling
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FIGURE 1: Effects of ICA on cell viability in OGD/R injured PCI2
cells. OGD/R treated cells were subjected to 2h OGD and 24h
reperfusion. ICA (107 M) or nimodipine (10 uM) was given 1h
before OGD and acting through 2 h OGD. Normal control cells were
refreshed with full culture medium and cultured under normoxic
conditions. Cell viability was determined by MTT assay. Each group
contained 10 samples. P < 0.01 compared with normal control
group. **P < 0.01 compared with OGD/R group. CON: normal
control, OGD/R+NM: OGD/R+ nimodipine.

OGD/R+NM OGD/R+ICA

Technology, USA), Bax (1:1000, Cell Signaling Technology,
USA), Beclin-1 (1:1000, Cell Signaling Technology, USA),
LC3 (1:1000, Novus Biologicals, USA), Caspase-3 (1:1000,
Cell Signaling Technology, USA), and GAPDH antibodies
(1:1000, Millipore, USA) at 4°C overnight followed by incu-
bation with HRP-conjugated goat anti-rabbit IgG antibody
(1:5000, Shanghai Kangchen Biotechnology, China) at room
temperature for 90 min. The immunoblots were visualized
using enhanced chemiluminescence provided with the ECL
kit (Millipore, USA) and exposure to film. The density of blots
was quantified using Band-Scan software.

2.7. Statistical Analysis. Data were expressed as the mean +
SD. Statistical significance was analyzed with one-way
ANOVA. P value of less than 0.05 was considered significant.

3. Results

3.1. ICA Increased Cell Viability in OGD/R Treated PCI2 Cells.
Cell viability of OGD/R treated PC12 cells (0.27 + 0.02) was
markedly decreased compared with the normal cultured cells
(0.58 + 0.05, P < 0.01). However, cell viability of OGD/R
treated cells was dramatically increased after ICA (107> M) or
nimodipine (10 M) administration (0.40+0.04 in ICA group,
0.38 + 0.03 in nimodipine group, P < 0.01) (Figure 1). Our
previous study showed that nimodipine could increase cell
viability of OGD/R treated PCI2 cells, so we set nimodipine
as a positive control group [14].

3.2. ICA Increased Bcl-2 Expression and Decreased Bax and
Cleaved Caspase-3 Expressions in OGD/R Treated PCI2 Cells.
Protein levels of Bcl-2, Bax, and cleaved Caspase-3 were
significantly increased by OGD/R treatment (Bcl-2: 0.27 +
0.12, P < 0.05; Bax: 0.82 + 0.08, P < 0.01; cleaved Caspase-
3: 1.37 £ 0.17, P < 0.01), compared to the normal control
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FIGURE 2: Effects of ICA on Bcl-2 and Bax expressions in OGD/R injured PCI2 cells. OGD/R treated cells were subjected to 2h OGD and
24 reperfusion. ICA (10~ M) or nimodipine (10 uM) was given 1h before OGD and acting through 2h OGD. Normal control cells were
refreshed with full culture medium and cultured under normoxic conditions. Bax ((a) and (b)) and Bcl-2 ((a) and (c)) protein expressions
were measured by western blotting. Each group contained 6 samples. “ P < 0.01 compared with normal control group. **P < 0.01 compared
with model control group. * P < 0.05 compared with model control group. CON: normal control, OGD/R+NM: OGD/R+ nimodipine.

cells (Bcl-2: 0.13 + 0.07; Bax: 0.34 + 0.14; cleaved Caspase-
3: 0.40 = 0.20). However, ICA decreased Bax and cleaved
Caspase-3 levels and increased Bcl-2 levels significantly in
OGDJ/R treated cells (Bax: 0.61 + 0.13, P < 0.01; cleaved
Caspase-3: 0.98 £ 0.15, P < 0.01; Bcl-2: 0.53 £ 0.15, P < 0.01)
(Figures 2 and 3). It was reported that nimodipine increased
Bcl-2 expression and reduced expression of cleaved Caspase-
3 and Bax in mice following middle cerebral artery occlusion
(MCAO) injury, so we set nimodipine as a positive control
group [16].

3.3. ICA Decreased Beclin-1 and LC3-II Expressions in OGD/R
Treated PCI12 Cells. Protein levels of Beclin-1and LC3-II were
low in normal cultured cells (Beclin-1: 0.69 + 0.06; LC3-
II: 0.30 + 0.05), but they were dramatically increased after
OGD/R treatment (Beclin-1: 1.32 + 0.17, P < 0.01; LC3-
II: 1.15 + 0.18, P < 0.01). However, ICA decreased Beclin-
1 and LC3-II expressions significantly in OGD/R treated
cells (Beclin-1: 0.92 + 0.12, P < 0.01; LC3-II: 0.79 +
0.18, P < 0.01) (Figures 4 and 5). Our previous study

showed that nimodipine could reduce Beclin-1 expression
and autophagosomes of OGD/R treated PCI2 cells, so we set
nimodipine as a positive control group [14].

4. Discussion

ICA possesses remarkable pharmacological activities on
many kinds of central nervous system diseases. It can reduce
neuronal injury caused by ischemic stroke in vitro and in
vivo, attenuate learning and memory deficits, and alleviate
depression [10, 11, 17]. Its potential mechanisms include
anti-inflammation, antioxidation, and antiapoptosis [10-12].
Apoptosis is a process closely related to autophagy, and
there are several cross talks between them. The role of
ICA in autophagy and the cross talk between apoptosis and
autophagy is obscure.

Apoptosis, also called programmed cell death, is regu-
lated by a variety of apoptosis related proteins including Bcl-2
family proteins. Bcl-2 family proteins consist of antiapoptotic
proteins such as Bcl-2 and Bcl-xL and proapoptotic proteins
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FIGURE 3: Effects of ICA on cleaved Caspase-3 expression in OGD/R injured PCI2 cells. OGD/R treated cells were subjected to 2h OGD
and 24 h reperfusion. ICA (10> M) or nimodipine (10 #M) was given 1 h before OGD and acting through 2h OGD. Normal control cells
were refreshed with full culture medium and cultured under normoxic conditions. Cleaved Caspase-3 expression was measured by western
blotting. Each group contained 6 samples. “*P < 0.01 compared with normal control group. ** P < 0.01 compared with model control group.
*P < 0.05 compared with model control group. CON: normal control, OGD/R+NM: OGD/R+ nimodipine.
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FIGURE 4: Effects of ICA on Beclin-1 expression in OGD/R injured PCI2 cells. OGD/R treated cells were subjected to 2h OGD and 24h
reperfusion. ICA (10> M) or nimodipine (10 M) was given 1 h before OGD and acting through 2 h OGD. Normal control cells were refreshed
with full culture medium and cultured under normoxic conditions. Beclin-1 expression was measured by western blotting. Each group
contained 6 samples. P < 0.01 compared with normal control group. ** P < 0.01 compared with model control group. * P < 0.05 compared
with model control group. CON: normal control, OGD/R+NM: OGD/R+ nimodipine.
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FIGURE 5: Effects of ICA on LC3II expression in OGD/R injured PCI2 cells. OGD/R treated cells were subjected to 2h OGD and 24h
reperfusion. ICA (10> M) or nimodipine (10 M) was given 1 h before OGD and acting through 2 h OGD. Normal control cells were refreshed
with full culture medium and cultured under normoxic conditions. LC3II expression was measured by western blotting. Each group contained
6 samples. P < 0.01 compared with normal control group. **P < 0.01 compared with model control group. CON: normal control,
OGD/R+NM: OGD/R+ nimodipine.
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such as Bax and Bak. Bcl-2 and Bax levels are directly related
to the occurrence of apoptosis. When Bcl-2 expression is
increased, Bcl-2 binds to Bax to form heterodimers and
inhibits the apoptosis. When Bax expression is increased, Bax
forms homodimers and promotes apoptosis [7]. Caspase-3,
the executor of apoptosis, can be activated by Bax homod-
imers [18]. When Caspase-3 is activated, procaspase-3 is cut
into an active fragment cleaved Caspase-3 and then plays
the role of proteolytic enzymes to promote apoptosis [19].
Therefore, cleaved Caspase-3 is a molecular level indicator
which directly reflects cellular apoptosis [20]. In the present
study, we showed that Bcl-2 protein expression was signif-
icantly decreased (as shown in Figure 2); Bax and cleaved
Caspase-3 protein expression were dramatically increased in
PC12 cells exposed to OGD/R, compared to normal control
group, whereas these effects were significantly reversed by
ICA treatment (as shown in Figures 2 and 3), suggesting that
ICA inhibits apoptosis in PCI2 cells through upregulation of
Bcl-2 protein expression and downregulation of Bax protein
expression.

Autophagy is a process of self-degradation through an
autophagosomal-lysosomal pathway. It plays a key role in
providing energy and raw material and turning over use-
less protein and organelles [1-3]. However, high level of
autophagy may also aggravate cellular damage and result in
autophagic cell death or apoptosis [4-6]. Protein light 1 chain
microtubule-associated 3 (MAPILC3) is a key protein that
proves the occurrence of autophagy. LC3 converts to LC3-
I and LC3-II during autophagy. LC3-1I is a key component
of autophagosome membranes [21], so LC3-II is a marker
of autophagy. Beclin-1, an autophagy related protein, was
first discovered in mammals. It can mediate other autophagic
proteins attached to autophagosome membranes and reduce
LC3-1I accumulation [22]. Beclin-1 is also an important
indicator to measure the degree of autophagy [23, 24]. As
shown in Figures 4 and 5, ICA treatment reduced Beclin-
1 and LC3-II protein expression in OGD/R treated PCI2
cells. In our previous study, we demonstrated that Beclin-1
expression and autophagosomes were increased in PCI2 cells
subjected to 2h of OGD, followed by 24 h of reperfusion,
whereas the autophagy inhibitor 3-methyladenine (3-MA)
reduced them in the OGD/R treated group [25]. The model
was made the same as in this work. Since LC3-II is a
component of autophagosome membranes, these results and
our previous work suggest that ICA reduces autophagy. Bcl-2
is an important protein that inhibits apoptosis and autophagy.
It not only combines with Bax to inhibit apoptosis but also
binds to Beclin-1 to form a complex that inhibits Beclin-
1 and autophagy activation, while maintaining resistance to
apoptosis [7-9]. Our results, as shown in Figures 2 and 4,
and these literatures suggest that ICA increases Bcl-2 protein
expression, which further reduces the protein levels of Bax
and Beclin-1.

Calcium overload leads to apoptosis and autophagy [26,
27]. Our previous studies have indicated that nimodipine, a
calcium antagonist, can decrease intracellular free Ca®* con-
centration and autophagy in PCI2 cells subjected to OGD/R
(27, 28]. Therefore, this work set nimodipine as a positive
control group. This study demonstrated that ICA increased

Bcl-2 protein expression, reduced the protein expression of
Bax, Beclin-1, LC3-1I, and cleaved Caspase-3, and enhanced
cell viability in PCI12 cells subjected to OGD/R. These results
suggest that ICA may reduce the level of autophagy and
apoptosis via activating Bcl-2-dependent cross talk between
apoptosis and autophagy.
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